Spatiotemporal development of cochlear innervation and hair cell differentiation in the rat.
The apical cytoskeleton of cochlear hair cells is largely comprised of actin microfilaments and actin-associated proteins, of which fodrin is one of the most prominent. We studied the development of this mechanosensory apical portion of cochlear hair cells of the rat by fluorescence microscopy using rhodamine conjugated phalloidin to detect F-actin and an antibody against alpha-fodrin. An antibody against the 160 kDa neurofilament polypeptide was used for tracing nerve fibers. The first sign of differentiation of the mechanosensory region, actin-containing stereocilia, was observed on the 19th gestational day in the inner hair cells of the basal coil. The appearance of expression of cytoskeletal actin in the cochlear hair cells proceeded gradientally from basal to apical coil and from inner to outer hair cells. Corresponding maturation sequences were observed in the development of fodrin immunoreactivity in the cuticular plates, but the first evidence of this reactivity was found one day later than the appearance of stereocilia in the hair cells at the same location. Also the penetration of neurofilament-positive neurites into the sensory epithelium followed the same kind of longitudinal and radial maturation gradients throughout the cochlea. Fibers were revealed beneath the sensory cells shortly before the first appearance of differentiation of their mechanosensory region. The results suggest that ingrowing nerve fibers may influence the timing of the apical cytoskeleton differentiation in cochlear hair cells or that both these processes could be controlled by the same external signals that are gradientally expressed throughout the cochlea.